PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

B23K 26/06, G03F 7/42, H01L 21/311 // 
B29D 11700 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/17164 

15 May 1997 (15.05.97) 



(21) International Application Number: PCT/IL96700139 

(22) International Filing Date: 4 November 1996 (04. 11. 96) 



(30) Priority Data: 
115932 



9 November 1995 (09.11.95) 



IL 



(71) Applicant (for alt designated States except US): OR AMIR 

SEMICONDUCTOR EQUIPMENT LTD. [IL/IL); P.O. Box 
14, 31000 Haifa (IL), 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): L1VSHITS (BUYANER), 
Boris [IUIL]; 20/13 Yasmin Street. P.O. Box 6739, 21940 
Carmie) (IL). GENUT. Menachem [IUIL]; 51 Leah Street, 
34815 Haifa (IL). TEHAR-ZAHAV, Ofer [ILrtL]; 28 
Binyamin Avenue, 4231 1 Natania (IL). 

(74) Agents: LUZZATTO, Kfir et al.; Luzzatto & Luzzatto, P.O. 
Box 5352, 84152 Beer-Sheva (IL). 



(81) Designated States: AL, AM, AT. AU, AZ, BA, BB, BG. BR. 
BY. CA, CH. CN, CU, CZ, DE, DK, EE ES, Fl. GB, GE. 
HU, IL. IS. JP. KE, KG, KP, KR, KZ, LC, LK. LR. LS, 
LT, LU, LV, MD, MG. MK, MN, MW, MX. NO, NZ, PL 
PT, RO. RU. SD, SE, SG, SI. SK, TJ, TM, TR, IT, UA. 
UG. US, UZ. VN, ARIPO patent (KE. LS, MW, SD, SZ, 
UG), Eurasian patent (AM. AZ, BY. KG. KZ, MD, RU. TJ, 
TM). European patent (AT. BE, CH. DE, DK, ES, FI, FR, 
GB, GR. IE. IT. LU. MC. NL, PT. SE). OAPI patent (BF. 
BJ, CF, CG, CI, CM, GA, GN ( ML, MR, NE, SN. TD. TG). 



Published 

With international search report. 



(54) Title: DAMAGE-FREE LASER SURFACE TREATMENT METHOD 
(57) Abstract 



A method and apparatus for 
preventing surface damage of an ob- 
ject being laser treated, comprising 
extending the laser pulse generated 
by a laser, before it reaches the sur- 
face to be ablated. 




At, 



V7777777RV1 

3At n 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


CN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgysun 


RU 


Russian Federal ion 


CA 


Canada 


KP 


Democratic People's Republic 


SO 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'lvotrc 


Li 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senega] 


Os- 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germ any 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/17164 



-1- 



PCT/IL96/00I39 



DAMAGE-FREE LASER SURFACE TREATMENT METHOD 
Field of the Invention 

The present invention relates to U.V. laser surface treatment methods, 
particularly to the removal of foreign materials from substrate surfaces. More 
particularly, the invention relates to a method for preventing damages to 
substrates of any kind which require surface laser treatments, such as 
VLSI/ULSI circuits, during laser stripping or cleaning. 

BACKGROUND OF THE INVENTION 

In the manufacturing of various products it is necessary to apply a layer of 
protective material on a surface, which must be removed after a specified 
manufacturing step has been concluded. An example of such process is the so- 
called "masking", where a pattern is created on a surface using a layer of 
protective material illuminated through a mask, and the surface is then 
treated with a developer which removes material from the unmasked portions 
of the surface, therefore leaving a predetermined pattern. The surface is then 
treated by ion implantation or by etching agents, which introduce the 
implanted species into the unmasked portions of the surface, or removes 
material from unmasked portions. Once these processes are completed, the role 
of the protecting mask ends and it must be removed. The process is 
conventional and well known in the art, and is described, e.g., in U.S. Patent 
No. 5,114,834. 

Two main photoresist stripping methods exist in the modern VLSI/ULSI 
(Very/Ultra Large Scale Integration) circuits industry: 

1) Wet stripping which uses acids or organic solvents; 
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2) Dry stripping, which uses plasma, 0 3 , O3/N2O or U.V./O3- 
based stripping. 

Both methods are problematic and far from being complete, especially when 
taking into consideration the future miniaturization in the VLSI/ULSI 
industry. The current technology is capable of dealing with devices having 
feature sizes of about 0.5 ^im, but before the end of the century the expectation 
is that the workable size of the devices is expected to be reduced to 0.25 jim. 
The expected size changes require considerable changes in the manufacturing 
technology, particularly in the stripping stage. The prior art photoresist 
stripping techniques described above will be unsuitable for future devices, as 
explained hereinafter. 

Utilizing only the wet stripping method is not a perfect solution, as it cannot 
completely strip photoresist after tough processes that change the chemical 
and physical properties of the photoresist in a way that it makes its removal 
very difficult. Such processes include, e.g., High Dose Implantation (HDI), 
reactive Ion Etching (RIE), deep U.V. curing and high temperatures post-bake. 
After HDI or RIE the side walls of the implanted patterns or of the etched 
walls are the most difficult to remove. 

In addition, the wet method has some other problems: the strength of stripping 
solution changes with time, the accumulated contamination in solution can be 
a source of particles which adversely affect the performance of the wafer, the 
corrosive and toxic content of stripping chemicals imposes high handling and 
disposal costs, and liquid phase surface tension and mass transport tend to 
make photoresist removal uneven and difficult. 
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The dry method also suffers from some major drawbacks, especially from 
metallic and particulate contamination, damage due to plasma: charges, 
currents, electric fields and plasma-induced U.V. radiation, as well as 
temperature-induced damage, and, especially, incomplete removal. During 
various fabrication stages, as discussed above, the photoresist suffers from 
chemical and physical changes which harden it, and this makes the stripping 
processes of the prior art extremely difficult to carry out. Usually a plurality of 
sequential steps, involving wet and dry processes are needed to remove 
completely the photoresist. 

The art has addressed this problem in many ways, and commercial photoresist 
dry removal apparatus is available, which uses different technologies. For 
instance, UV ashers are sold, e.g. by Hitachi, Japan (UA-3150A), dry chemical 
ashers are also available, e.g., by Fusion Semiconductor Systems, U.S.A., 
which utilize nitrous oxide and ozone to remove the photoresist by chemical 
ashing, microwave plasma ashing is also effected, e.g., as in the UNA-200 
Asher (ULVAC Japan Ltd.). Also plasma photoresist removed is employed and 
is commercially available, e.g., as in the Aspen apparatus (Mattson 
Technology, U.S A.), and in the AURA 200 (GASONICS IPC, U.S A.). 

More recently, photoresist removal has been achieved by ablation, using laser 
UV radiation, in an oxidizing environment, as described in U.S. Patent No. 
5,114,834. The ablation process is caused by strong absorption of the laser 
pulse energy by the photoresist. The process is a localized ejection of the 
photoresist layer to the ambient gas, associated with a blast wave due to 
chemical bonds breaking in the photoresist and instant heating. The partly 
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gasified and partly fragmented photoresist is blown upwards away from the 
surface, and instantly heats the ambient gas. Fast combustion of the ablation 
products occurs, due to the blast wave and may also be due to the 
photochemical reaction of the UV laser radiation and the process gases. The 
main essence of the process is laser ablation with combustion of the ablated 
photoresist which occurs in a reactive gas flowing through an irradiation zone. 
The combination of laser radiation and fast combustion provides instantaneous 
lowering of the ablation threshold of hard parts of the photoresist (side walls). 
The combusted ablation products are then removed by vacuum suction, or by 
gas sweeping leaving a completely clean surface. 

While US 5,114,834 provides an important novel process, it still does not 
provide a high throughput, which is industrially convenient, viz., an 
industrially acceptable number of wafers that can be stripped during a given 
time. The laser stripping throughput is determined by the stripping rate or by 
the number of laser pulses needed for providing complete stripping of a unit 
area of the photoresist per unit of time. 

While reference will be made throughout this specification to the ablation of 
photoresist from semiconductor wafers, this will be done for the sake of 
simplicity, and because it represents a well known and widely approached 
problem. It should be understood, however, that the invention described 
hereinafter is by no means limited to the stripping of photoresist from wafers, 
but it applies, mutatis mutandis, to many other applications, such as stripping 
and cleaning of photoresist from Flat Panel Displays (FPD) or removal of 
residues from different objects, such as lenses, semiconductor wafers, or photo- 
masks. 



» 
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The aforementioned U.S. Patent No. 5,114,834 defines the process window of 
laser stripping and indicates that there are certain energy fluence levels of the 
laser pulse which may damage the wafer being treated. So far, however, the 
art has failed to provide a method which conveniently permits to utilize the 
energy of an excimer laser in a way that allows to increase the fluence damage 
threshold defined in U.S. Patent 5,114,834, without incurring the risk of 
damaging the surface of the object being treated. The types of damage due to 
laser energy include thermal damages, such as ripples due in particular to 
difference in expansion coefficients, e.g., Si02/Si (implanted) and TiN/Al 
interfaces and related to the fatigue phenomena, aluminum or silicon melting, 
as well as radiation (ionization) damages, e.g., slight color changes due to 
small changes in the crystalline structure at SiCVSi interface (implanted). 

In addition to laser stripping and cleaning there are other processes utilizing 
U.V. laser treatment of semiconductors or other materials where damage 
prevention may be important. 

SUMMARY OF THE INVENTION 

It has now been found, and this is an object of the invention, that it is possible 
to avoid damage to the substrate being laser treated by extending the laser 
pulse in time, supplying the same pulse energy to the treated surface during a 
longer period of time. 

The invention further comprises apparatus for preventing surface damage in 
an object being laser treated. Said device comprises a laser source for 
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generating a laser pulse, means for extending the laser pulse" before it reaches 
the surface to be treated, and means for homogenizing the pulse. 

According to a preferred embodiment of the invention the device further 
comprises means for diverting the laser beam, and the means for extending the 
laser pulse are optical mean, which extends the laser pulse duration by 2 to 20 
times. 

In addition to the reduced damage benefits from pulse extension regarding the 
substrate, one should pay attention to the same benefits to the optical 
components as lenses, mirrors, etc. 

Other objects of the invention will become apparent as the description 
proceeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

• Fig. 1 schematically illustrates the effect of pulse extension; 

-Fig. 2 schematically illustrates the effect of pulse 
homogenization; 

- Fig. 3 illustrates the process window (discussed in detail in the 
examples) for stripping photoresist after metal etching, wherein: 

Fig. 3(a) shows the process window without 
homogenization or pulse extension; 
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Fig. 3(b) shows the process" window with 
homogenization and without pulse extension; and 

Fig. 3(c) shows the process window with 
homogenization and with pulse extension. 

- Fig. 4 illustrates an optical line arrangement consisting of a 
Pulse Extender (P.E.) and a Homogenizer,, according to a preferred 
embodiment of the inventionrand 

- Fig. 5 is another optical line arrangement, consisting of a 
Homogenizer only. 

The term "process window" indicates the set of conditions (number of pulses 
and energy fluence of each pulse) in which it is permitted to operate without 
causing damage to the substrate. 

DETAILED DESCRIPTION OF THE INVENTION 

The method for avoiding surface damage of an object being treated by laser, 
according to the invention, comprises extending the laser pulse generated by a 
laser, before it reaches the surface to be treated. The situation so obtained is 
illustrated in Fig. 1. Fig. 1(a) shown an unextended pulse, which is extended 
by three times in Fig. 1(b). 

As a result, the energy density of the pulse (defined as F = E/S where E is the 
pulse energy and S is the treated area) is not changed, but the maximum 
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temperature (T) on a surface of substrate (silicon) diminish by V3 times in 
accordance with equation (1): 



due to thermal diffusion in silicon. In Eq. (1), At p is the pulse duration. 

In Fig. 1(c), heat is produced by the pulse which, as explained hereinbefore , 
may be one of the causes of damage to the surface. The resulted heat is 
reduced by a factor of V3, as schematically shown in Fig. 1(d), which relates to 
an extended pulse of Fig. 1(b). The resulted fluence damage, in comparison to 
the damage described by equation 1, is: 



where p t and (Atp)o, F and Atp, are accordingly the damage threshold 




(1) 




(2) 



fluences and the pulse duration before and after the pulse extension by m 
times. 



On the other hand , the amount of ionization defects is proportional, as 
experiments show, to the pulse power density F/At p or to its square. 



Therefore, the ionization damage diminishes by m or m 2 times as the pulse 
extended by m times, and the power density is reduced by m times. 
Accordingly, the damage threshold fluence rises by m or m 2 times. 
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When taking into consideration the fatigue phenomena, i.e.,, with the 
multipulsed irradiation of the same place of treated surface, in fact, the value 
of damage threshold fluence for an extended pulse rather should be shifted to a 
direction of process window decrease. 

It should be emphasized that, in accordance with experimental data, the pulse 
extension up to Atp 5 0.5 microsecond produces only a weak change of 

ablation threshold fluence (10-20%) (low boundary of fluence working values). 
Consequently, the conclusion is that a pulse extension leads to a significant 
enlargement of the process window. Thus, the pulse extension provides a more 
effective ablation with higher values of laser fluence, without causing any 
damage to the substrate. 

According to a preferred embodiment of the invention, the pulse is extended in 
the range of 20 times. 

i 

The pulse extension can be effected by any suitable method, however, 
according to a preferred embodiment of the invention, the pulse extension is 
optimized. 

According to the invention, the pulse is also homogenized since, without it, its 
extension may not be enough to prevent damage. This is due to high values of 
fluence in the central part of the energy fluence surface distribution curve (see 
the non-homogenized pulse N in Fig. 2, where the ordinate is the fluence and 
Yl, Y2 and Y3 indicate the ablation threshold, the damage threshold before the 
pulse extension and the damage threshold after the pulse extension, 
respectively). The homogenized pulse H has a lower energy fluence for a given 
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area (lower than the damage threshold)and has no areas of energy below the 
ablation threshold (indicated by "L") which not only does not aid ablation, but, 
on the contrary, hardens the photoresist by its annealing, and makes 
additional ablation difficulties. 

Manufactures of commercial excimer lasers to date do not provide considerable 
variation of the duration of the laser pulse in the range of 10- s -10- 6 s. Therefore, 
in order to assure damage-free laser treatment process, it is needed to join the 
laser and the optical pulse extender. However, it is not excluded that the pulse 
extension and/or homogenization be achieved inside the excimer laser. 

As with the pulse extension, the pulse homogenization can be carried out by 
means of any suitable means known in the art. According to a preferred 
embodiment of the invention, however, homogenization is achieved by optical 
means. Such a type of pulse extender, as well as homogenizes as was used by 
the inventors, is commercially available from "Exitech Ltd.", Oxford, UK. 

The above and other characteristics and advantages of the invention will be 
better understood through the following illustrative and non-limitative 
examples. 

Example 1 (Comparative) 
The substrate consisted of SiCVSi implanted areas which are known to be very 
sensitive to laser radiation. A wafer covered with a layer of high dose 
implanted, 1.2 urn thick, patterned positive photoresist. Implantation 
conditions were: dose of 5xl0 15 atoms/cm 2 and energy of 80 Kev was treated in 
a process chamber consisting of a cell as described in a copending Israeli patent 
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application of the same applicant herein, IL 115934, which was equipped with 
a quartz window for UV light passage, gas inlet and outlet, and optics to 
position the laser beam at a predetermined location. 

The process was operated according to U.S. Patent 5,114,834, using ozone as 
the reactive gas. The pressure in the chamber was maintained at 340 mbar. 
The laser employed was a Lambda Physik LPX315IMC exrimer laser. The 
wafer was subjected to 150 pulses with fluence of 3 Fth (Fth is the ablation 
threshold fluence) and pulse duration of 25ns and its surface was then 
examined for damages. Noticeable color change which is due to color center 
was observed on the substrate on the uncored implanted areas. In addition, 
one could observe severe rippled areas due to interfacial deformations of the 
interface. 

Example 2 

Operating as in Example 1, but using a pulse extension of 6 times, which 
means pulse duration of 6 x 25 = 150 ns, the surface was found not to have 
suffered any of the abovementioned damages. 

Example 3 

The arrangement is shown in Fig. 4. Numerals 1, 2, 3, 4 and 5 indicate the 
laser, the pulse extender, the homogenizer, the mirror and the substrate, 
respectively. The apparatus is same as described in Example 2, but with a 
homogenizer after the pulse extension. Working with the same fluence (3 Fth), 
no damage could be observed without effecting the stripping process. In 
addition, no damage observed even when the energy fluence levels were 
V6^3¥^ ^ = 1^. This means a drastic enlargement of the process window. 
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Example 4 

In the process of VLSI or VLSI fabrication, a silicon wafer after an RIE process 
of the metal, covered with a photoresist in the areas not to be etched, was 
treated in a process chamber consisting of a cell as described in the 
aforementioned copending Israeli patent application No. 115934, which was 
equipped and operated as described in Example 1. The pulse duration was 25 
ns. The wafer was subjected to lower pulses and energy fluences as shown in 
the diagram in Fig. 3a. 

The diagram shows the damage occurred (such as ripples or melting) as a 
function of the number of pulses given, and the level of energy fluence. The 
abscissa is the fluence given here as the ratio between the actual fluence (F) 
and the ablation threshold fluence and the ordinate is the number of pulses. 
Damage is indicated by o whereas a lack of damage ("no damage") is indicated 
by x. 

It can be observed that even at such a low fluence level as F/Fth = 1.1, damage 
occurs at 2000 pulses which is the total number of pulses needed for stripping, 
the photoresist on the metal etches at this fluence level. As it will be 
understood by persons skilled in the art, this is a too narrow process window 
for practical purposes, since no stripping takes place below the threshold value. 



Example 5 

The arrangement the same as described in Example 4 with an additional 
homogenizer. The arrangement is shown in Fig. 5, where numerals 1, 2, 3 and 
4 indicate the laser, the homogenizer, the mirror and the substrate, 
respectively. The results are shown in Fig. 3b, where the various notations 
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have the same meanings as in Fig. 3a. It can be can seen that no damage 
occurred up to F/Fth = 1.3. At this fluence level, damage occurred only above 
~10 4 pulses, which is indicated here as «©. At F/Fth = 1-5, damage was found 
after 1000 pulses. This indicates a significant increase in the process window 
of about 36%, although at this fluence levels the throughput is not sufficient 
and one must find ways to be able to work at higher fluence levels. 

Example 6 

Same as Example 5, but the laser pulse was extended x3, as shown 
schematically in Fig. 4. 

The results are shown in Fig. 3c, where the various notations have the same 
meanings as in Fig. 3a It can be seen that no damage occurred at fluence 
levels of F/Fth <2. 

At F/Fth = 2, damage occurred only after 1000 pulses. This indicates an 
increase of 82% in the process window relative to Example 4 and 33% relative 
to Example 5. Working at this fluence level makes ablation very efficient and 
with reasonable throughput. 

This increase of the damage threshold is as expected from the 3 times 
extension according to Example 2. Therefore, one can expect to double the 
damage threshold in Fig. 3c if the pulse will be extended x 12. This means that 
a process window of up to F/Fth * 4. 

All the above description and examples have been given for the purpose of 
illustration, and are not intended to limit the invention in any way, except as 
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defined in the appended claims. Many different methods can be used to 
homogenize and/or extend the pulse, and different apparatus can be exploited 
for this purpose, for surface cleaning of a variety of objects, all without 
exceeding the scope of the invention. 
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CLAIMS : 

1. A method for preventing surface damage of an object being laser treated, 
comprising extending the laser pulse generated by a laser, before it reaches the 
surface to be ablated. 

2. A method according to claim 1, wherein the pulse duration is extended by 2- 
20 times. 

3. A method according to claim 1, wherein pulse extension is effected by optical 
means. 

4. A method according to claim 1, further comprising homogenizing the pulse. 

5. A method according to claim 4, wherein homogenization is achieved by 
optical means. 

6. A method according to any one of claims 1 to 5, wherein the laser treatment 
is a laser stripping. 

7. A method according to claim 6, wherein the stripping is carried out by 
ablation. 

8. A method according to claim 7, wherein the substrate being stripped is a 
VLSI/ULSI circuit. 
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9. Apparatus for preventing surface damage in an object being laser treated, 
comprising: 

- A laser source for generating a laser pulse; 

• means for extending the laser pulse before it reaches the surface 
to be ablated; and 

- optionally, means for homogenizing the pulse; 

10. Apparatus according to claim 9, wherein the means for homogenizing the 
pulse are not integral with the means for extending the pulse, and are external 
and coupled to the apparatus. 

11. Apparatus for preventing surface damage in an object being laser treated 
according to claim 9 or 10, further comprising means for diverting the laser 
beam. 

12. Apparatus according to claim 9 wherein the means for extending the laser 
pulse are optical means. 

13. Apparatus according to any one of claims 9 to 12 comprising means for 
extending the laser pulse duration by 2 to 20 times. 

14. A method for avoiding surface damage of an object being laser treated, 
substantially as described and illustrated, and with particular reference to the 
examples. 
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15. Apparatus for preventing surface damage in an object being laser treated, 
substantially as described and illustrated, and with particular reference to the 
examples. 
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Fig. 3(a) 
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Fig. 3(b) 
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